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[57] ABSTRACT
Alkylbenzenes of the general formula I

Rl (I)

CH; R?

where Rlis C|-Cs-alkyl, preferably methyl, and R2 is
hydrogen or C;-Cs-alkyl, preferably methyl, are pre-
pared by catalytic aromatization of the corresponding
alkenylcyclohexenes of the general formula II

R! an

by carrying out the conversion in the gas phase at
150°-400° C. over a catalyst which contains palladium
oxide and sulfur and/or selenium or selenium oxide on
active carbon.

5 Claims, No Drawings
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PREPARATION OF P-CYMENE AND
HOMOLOGOUS ALKYLBENZENES

The present invention relates to a process for prepar- 5
ing alkylbenzene, in particular p-cymene, by catalytic
conversion of alkenylcyclohexene.

U.S. Pat. No. 3,312,635 discloses the conversion of
limonene over supported catalysts containing nickel
oxide and molybdenum oxide at 200°-250° C. to mix- 10
tures of p-cymene, p-menthane and p-menthene.

Bull. Chem. Soc. Japan 51 (1978), 3641-42, discloses
that the above conversion can also be carried out over
magnesium oxide, calcium oxide or lanthanum oxide in
the presence of hydrogen. _ 15

U.S. Pat. No. 2,857,439, furthermore, discloses that
with numerous catalysts, in particular palladium, the
product obtained on passing monocyclic terpenes in
vapor form over the hot catalysts and subsequently
condensing the vapors in mainly p-cymene. This patent
specification says that these known processes are not
advantageous if sulfur-contaminated terpenes are used.
For that reason, this prior art proposes that sulfur-con-
taminated terpenes be passed in vapor form in the pres-
ence of hydrogen over particular hot supported plati-
num catalysts at 200°-500° C.

U.S. Pat. No. 2,402,898 discloses in addition that
monocyclic terpenes can be aromatized to a p-cymene

at about 300° C. over catalysts which contain noble
metals such as Pd and Pt on active carbon. The disad-

vantage of this process is that the catalyst is sufficiently
active only for a relatively short time.

More recently, European Pat. No. 77,289 disclosed a
process for converting terpenes into cymenes by heat-
Ing these terpenes in the presence of an alkali metal
carbonate catalyst on an MgO carrier which has a sur-
face area of not less than 20 m2/g. In the examples of
this patent, this process is applied to turpentine oil,
limonene and A-3-carene. The disadvantage with this 40
process Is that reaction temperatures of 400° C. or more
are required, which on the one hand necessitates a very
high energy consumption and on the other predicates a
relatively rapid deactivation of the catalyst by decom-

pOSitiOH PI oducts. | 45
- It 1s an object of the present invention to provide a
catalyst which makes it possible to convert alkenylcy-
clohexenes of the general formula II into the corre-
sponding alkylbenzenes in a particularly advantageous
manner. The catalysts should be easily available, have a 50
long life, be highly active and easily regenerated and
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- should ensure a very high conversion with good selec-

tivity at, ideally, a low reaction temperature.

We have found that this object is achieved with a
process for preparing an alkylbenzene of the general 55
formula I | x |

R1

CH3 R? 65

where R! is C1-Cs-alkyl, preferably methyl, and R2 is
hydrogen or C,~Cy-alkyl, preferably methyl, by cata- |

2

lytic aromatization of alkenylcyclohexene of the gen-

- eral formula I1

Rl (II)

where R! and R? have the abovementioned meanings,
which comprises carrying out the reaction in the gas
phase at 150°-350° C. over a catalyst which contains
palladium oxide and sulfur and/or selenium or selenium
oxide on active carbon.

‘The process according to the invention substantially
meets the requirements placed on the catalyst at the
beginning. Surprisingly, the aromatization of the al-
kenylcyclohexene of the formula I on the catalyst ac-
cording to the invention proceeds in a very high yield
and with only very little in the way of byproduct forma-
tion. The dehydrogenation can be carried out in the
absence of air or oxygen, thereby making a significant
contribution to the safety of the process in the industry.
Another surprise was the long catalyst life of up to

several months compared, for example, with only 50 to
100 hours for the catalyst used in the process of U.S.

Pat. No. 2,402,898.

This is particularly surprising since it is explained
very plausibly in U.S. Pat. No. 2,857,439 that in the
presence of sulfur in the terpenes used as starting mate-
rnal the known processes for aromatizing terpenes only
give very unsatisfactory results since sulfur contami-
nates and thereby poisons the catalysts used, which
leads to extremely short catalyst lives.

When the activity decreases, the catalyst according
to the invention can be regenerated in a simple manner
by atmospheric oxidation.

Catalysts used for the process according to the inven-
tion are active carbons which contain from 0.5 to 10%
by weight, preferably from 1 to 7% by weight, of palla-
dium oxide and from 0.1 to 2, preferably from 0.2 to 1,
7 by weight of sulfur and/or selenium or selenium
dioxide.

In general, the catalysts are used in the form of ex-
trudates of from 2 to 5 mm in length or tablets of from
1 to 4 mm in diameter. |

The form of the catalysts depends on the reaction
vessel. If the reaction is carried out in a fluidized bed
reactor, a pulverulent fluidized catalyst of from 0.1 to
0.3 mm in particle size is used.

Preparation of the catalyst according to the invention
comprises in general first spraying the active carbon,
more strictly the active carbon pellets, in an impregnat-
Ing drum in a conventional manner with a palladium
nitrate solution, thoroughly drying the product at ele-
vated temperatures and then, in a second impregnating
step, spraying on an ammonium polysulfide solution or
an aqueous solution of selenous acid and finally again
thoroughly drying at elevated temperatures.

The conversion according to the invention is prefera-
bly carried out continuously under atmospheric pres-
sure in a conventional manner, for example in a flow
reactor or a fluidized bed reactor.
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The aromatization is carried out at from 150° to 350°
C., preferably from 200° to 300° C., by evaporating the
alkenylcyclohexene and passing the vapor with oxygen
as carrier gas over the hot catalyst. In the vapor mix-
ture, the ratio of alkenylcyclohexene vapor: nitrogen
ranges in general from 1:1 to 1:5, preferably from 1.5 to
2.5.

Workup is effected in a conventional manner, for
example by distillation.

The alkenylcyclohexenes required as starting com-
pounds are present in many plants or are obtained as
byproducts in various industrial processes. For instance,
limonene is present in citrus fruit and is obtained in large
amounts as a byproduct in the production of fruit juices
from oranges and/or lemons.

The alkenylcyclohexene used need not necessarily be
100% pure, but a purity of more than 90% is advisable
if the resulting alkylbenzene is to be usable without
further purification. This applys in particular to the
aromatization of limonene, since the p-cymene resulting
therefrom itself finds utility as a scent and is also used as
an intermediate for further desired scents such as cumi-
naldehyde and cyclamenaldehyde, for which a high
purity of the p-cymene is a prerequisite.

The Examples below illustrate the subject-matter of
the invention.

EXAMPLES 1 TO 3
Comparative Examples 1 and 2

In each case, the amount of d-limonene (purity: 96
GC area %) evident from the table below was vapor-
ized and passed diluted with nitrogen in a ratio of about

1:2 over the catalyst in a tubular reactor (600 mm in
length and 30 mm in diameter), the catalyst having been

heated to the temperature evident in the table, having
the composition evident in the table and being present in
the form of 4 mm extrudates. The starting materials and
reaction products were determined by gas chromatog-
raphy and by a !H-NMR and IR spectroscopy. The
conversion was 100% in all cases.

TABLE
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trudates). Even after conversion of 1490 kg of limonene
over the same catalyst in the course of about 3 months,
the catalyst was still as active as at the start of the long-
term test; the conversion was always 100%; the yield
was from 96 to 97% of theory.

We claim:

1. A process for preparing an alkylbenzene of the
general formula I

(I

CHj; R?

where R!is C;-Cs-alkyl and R2is hydrogen or C;-Cy-
alkyl, by catalytic aromatization of an alkenylcyclohex-
ene of the general formula II

R1 (IT)

-

CH; R?2
where R! and R? have the abovementioned meanings,

which comprises carrying out the reaction in the gas
phase at 150°-350° C. over a catalyst which contains

palladium oxide and sulfur and/or selenium or selenium
oxide on active carbon.
2. A process as claimed in claim 1, wherein the con-
version is carried out in the absence of air or oxygen.
3. A process as claimed in claim 1, wherein the con-
version Is carried out at 200°~300° C.

M

— . Catalyst —_p-cymene obtained
Amount Temperature d-limonene Purity Yield
Composition [2] [°C.] [kg] [kg]l [GC area %] [% of theory]
T ——— e S N e R s - N i - SR Yeublicnitniibit B Yiiieliicintod A 0
Example
1 5.75% of PdO + 920 220-230 62 59.5 96 97
0.25% of S
on active carbon
2 - 5.75% of PdO -- 86 250 31.5 31 95 08
1% of S
on active carbon
3 3.75% of PdO + Se 98 260 9.06* 8.6 95 92
(calc. 0.35% of SeQ»)
on active carbon
Comparative '
Example
1 -~ 0.5% of Pd 100 230 1.89 1.8 70 69
on AlO3
2 5% of Pd 118 230 5.03 4.7 89 88

On active carbon

M

*Purity 99%

EXAMPLE 4

About 1 1/h (5.8 mol/h) of a-limonene (purity: 99 GC
area %) was vaporized to give about 130 1/h of limo-
nene vapor. This limonene vapor was passed, diluted
with about 200 to 250 1 of N2/h, inside a tubular reactor
(2 m in length; 4 cm in diameter; 3 | capacity), over a hot
catalyst at 230°-250° C. composed of 5.75% of
PdO+0.25% of S on active carbon pellets (4-mm ex-

65

4. A process as claimed in claim 1, wherein the con-
version is carried out over a catalyst which contains
palladium oxide in an amount of from 0.5 to 10% by
weight as well as from 0.1 to 2% by weight of sulfur
and/or selenium or selenium oxide.

5. A process as claimed in claim 1, wherein, to pre-
pare p-cymene, limonene is vaporized and passed with

nitrogen as carrier gas over the hot catalyst.
* ¥ x X x
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